, or Ϸ10
6 S. Montevideo-GFP resulted in horn ßy colonization for up to 72 h postingestion (PI). Epißuorescent microscopy indicated that the bacteria were not localized to the crop but were observed within the endoperitrophic space, suggesting that regurgitation is not a primary route of transmission. S. Montevideo-GFP were cultured from excreta of 100% of ßies beginning 6Ð7 h PI of a medium or high dose meal and Ͼ12 h PI in excreta from 60% of ßies fed the low-dose meal. Animal hides and manure pats are sources for horn ßies to acquire the Salmonella and mechanically transmit them to an animal while feeding. Mean quantities of 5.65Ð67.5 ϫ 10 2 CFU per ßy were cultured from ßy excreta passed within 1 d after feeding, suggesting the excreta can provide an additional microbial source on the animalÕs hide.
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Foodborne illness, caused by bacterial contamination of animal and plant products, is an important public health issue in the United States and worldwide (Knight-Jones et al. 2010 , Scallan et al. 2011 . Of the six key foodborne pathogens monitored by the Foodborne Diseases Active Surveillance Network, Salmonella enterica (here referred to as Salmonella) caused 40% of infections in 2012 and its incidence has remained unchanged over the past 15 yr (Centers for Disease Control and Prevention 2013). While contaminated eggs, pork, and poultry account for the majority of Salmonella cases, cattle are known vehicles for the bacteria, and recent multistate outbreaks have been linked to contaminated ground beef (Centers for Disease Control and Prevention 2006 , Bosilevac et al. 2009 ).
Postharvest interventions to reduce levels of foodborne pathogens on cattle hides and carcasses have decreased the occurrence of Escherichia coli O157:H7 in ground beef, but these approaches have not reduced Salmonella prevalence (Koohmaraie et al. 2005 , U.S. Department of Agriculture 2011). Salmonella sequestered in bovine peripheral lymph nodes may be a major source of ground beef contamination , Gragg et al. 2013 . While mesenteric lymph nodes that drain the bovine intestinal tract are known to harbor Salmonella (Samuel et al. 1981) , these nodes are easily removed during carcass processing. In contrast, peripheral lymph nodes are located within fatty tissue and are typically removed, but can inadvertently be processed along with the beef carcass. The subiliac lymph nodes (SLNs), part of the peripheral lymph drainage system, are contaminated with Salmonella at a high prevalence and in high concentrations in surveyed feedlot cattle (Gragg et al. 2013) . Because the subiliac node drains lymph from the skin of the rump, pelvis, and ventrum, the nodes may become contaminated by bacteria introduced transdermally via abrasions on the hide, skin maladies, or biting arthropods (Edrington et al. 2013a , b, Gragg et al. 2013 .
Dissemination of microbial pathogens by arthropods that inhabit livestock production facilities is of increasing importance from an animal and human health perspective. House ßies, stable ßies, mealThis article reports the result of research only. Mention of trade names or commercial products in this publication is solely for the purpose of providing speciÞc information and does not imply recommendation or endorsement by the U.S. Department of Agriculture.
1 USDAÐARS, Knipling-Bushland US Livestock Insects Researchworms, mites, and beetles are persistent carriers (reservoirs) or mediate transmission of E. coli, Salmonella, Staphylococcus aureus, Campylobacter jejuni, and various enterococci (Rochon et al. 2005 , Mramba et al. 2007 , Crippen et al. 2009 , Wales et al. 2010 , Ahmad et al. 2011 , Skovgård et al. 2011 , Doud and Zurek 2012 , Nayduch et al. 2013 . Relative to Salmonella contamination of SLNs in cattle, several important characteristics of the horn ßy, Haematobia irritans (L.) (Diptera: Muscidae) lend itself to being a possible source for transdermal introduction of the bacteria to cattle. Horn ßy adult females and males are obligate bloodfeeders that spend their entire adult stage somewhat permanently associated with their bovine host, leaving only intermittently to oviposit in freshly laid manure pats. Gravid horn ßy females probe the microbe-rich manure pat to assess its suitability for egg deposition, and they remain on the substrate for an average of 10 min per oviposition period, providing ample opportunity for the ßies to acquire viable microbes, including Salmonella (Kuramochi 2000 , Perotti et al. 2001 . Further, cattle hides have high concentrations of Salmonella and are additional sources for exposure of horn ßies to microbial pathogens (Callaway et al. 2005 , Loneragan et al. 2012 . Horn ßy grooming behavior following contact with microbes in the manure pat or on its host can facilitate the distribution of these microbes over the ßyÕs surface, particularly to its mouthparts. Horn ßies mechanically transmit S. aureus to cattle by acquiring the bacteria from contaminated scab material on heifer teats and then feeding on teats of nearby heifers (Owens et al. 1998 , Ryman et al. 2013 . The purpose of the current study was to investigate the survival and fate of Salmonella upon contact and ingestion by adult horn ßies to understand the ßyÕs role, if any, in the transmission of these bacteria to cattle.
Materials and Methods
Salmonella Isolate. Salmonella Montevideo was used for the study because it is the primary serotype identiÞed in SLNs from feedlot cattle (Gragg et al. 2013) and it is frequently found on cattle hides and feces (Callaway et al. 2005 , Loneragan et al. 2012 . The bacterial isolate, provided by K. Nightingale (Texas Tech University, Lubbock, TX), was transformed with a plasmid that expressed a variant of the green ßuo-rescent protein (GFP) and resistance to both ampicillin and kanamycin (plasmid provided by D. Nayduch, U.S. Department of AgricultureÐAgricultural Research Service [USDA-ARS]). The GFP-expressing bacteria (S. Montevideo-GFP) were maintained on MillerÕs LB agar supplemented with 50 g/ml each of carbenicillin (an ampicillin substitute; Teknova, Hollister, CA) and kanamycin (Life Technologies, Grand Island, NY; LB-carbÐ kan). A single transformed colony was used to inoculate antibiotic supplemented TerriÞc Broth (TB; Life Technologies) and incubated with shaking (250 rpm) at 37ЊC for 16 h (OD 620 ϭ 1 corresponds to Ϸ2.4 ϫ 10 9 colony forming units [CFU]/ml). Dilutions of the S. Montevideo-GFP culture used in all experiments were prepared in freshly collected, citrated bovine blood. Bovine blood used throughout the feeding assays was determined to be free of Salmonella species upon screening by enrichment in RappaportÐVassiliadis Salmonella enrichment broth (Neogen Corporation, Lansing, MI) followed by selective plating on Hektoen Enteric Agar (Neogen).
For each experiment outlined below, the S. Montevideo-GFP culture was diluted to 1 ml of OD 620 ϭ 1, further diluted 1:1 to obtain 1 ml of 1.01 Ϯ 0.12 ϫ 10 6 CFU/l (high-dose meal), and then serially diluted 10-fold to obtain 1 ml of 1.18 Ϯ 0.04 ϫ 10 4 CFU/l (medium-dose meal) and 1 ml of 1.61 Ϯ 0.24 ϫ 10 2 CFU/l (low-dose meal). The quantities were veriÞed by viable plate counts on LB-carbÐ kan. In all experiments, the S. Montevideo-GFP expressing colonies were visualized on a UV transilluminator for enumeration. S. Montevideo-GFP survival in a bloodmeal was conÞrmed by preparing Ϸ 10 2 , 10 4 , and 10 6 CFU/l dilutions in the same citrated bovine blood used for the experiments (outlined below). The dilutions were incubated for 2, 4, 6, and 24 h at 25ЊC, and at each time point a subsample was further diluted and plated on LB-carbÐ kan for enumeration.
Horn Flies. Adult horn ßies were obtained from a laboratory strain maintained in vitro at the KniplingÐ Bushland U.S. Livestock Insects Research Laboratory (Kerrville, TX). Rearing and adult maintenance were conducted, as previously described (Lohmeyer and Kammlah 2006) . Horn ßy pupae used in all feeding experiments were surface-sterilized by successive immersion in 70% ethanol for 5 min, 1% sodium hypochlorite for 2 ϫ 5 min and sterile water for 3 ϫ 3 min. For each experiment, pupae were placed in sterile, cylindrical cages (11.43 by 7.62 cm; n Ϸ200 pupae per cage) with screen mesh at both ends, and newly emerged adults were starved for 18 h before use. Unless otherwise noted, pupae and ßies were incubated at 27ЊC, 60% relative humidity, and a photoperiod of 12:12 (L:D) h, and ßies were provided fresh, citrated bovine blood ad libitum via sanitary napkins for the duration of each experiment.
To assess the mean quantity of S. Montevideo-GFP consumed in a bloodmeal at the start of the feeding experiments, newly emerged horn ßies housed in separate cages were starved for 18 h and offered a low-, medium-, or high-dose meal. The meals were offered to ßies by pipetting 30-l droplets at numerous locations on the screen mesh top. Once ßies fed and began to disperse away from the meal (Ϸ15 min), it was removed from the screen mesh by blotting. The cages of ßies were immediately cold-anesthetized and unfed ßies, with no visible blood in the abdomen, were discarded. Fed ßies (n ϭ 20 per dose) were surfacesterilized, as described above for pupae, and then macerated individually in 500 l of phosphate-buffered saline (PBS), pH 7.4. Flies fed the low dose were homogenized in 250 l of PBS, pH 7.4. The homogenates from each ßy were plated on LB-carbÐ kan to quantify amount of bacteria initially consumed (t 0 ).
Experiment 1: Horn Fly Acquisition of S. Montevideo-GFP. The purpose of this experiment was to ascertain whether ßy grooming behavior after tactile exposure to S. Montevideo-GFP results in presence of microbes on the ßyÕs head. Conßuent bacterial lawns of S. Montevideo-GFP were grown on LB-carbÐkan with a 15 by 20 mm portion of the agar plate left uncultured. Newly emerged ßies were cold-anesthetized and Þve each (mixed sex) were placed on the uncultured section of two agar plates. The ßies were allowed to recover and then left to wander the conßuent lawn for 10 min. The ßies were then chill-anesthetized, transferred to separate petri dishes, and allowed to groom for either 15 min or 1 h. The ßies were again chilled, and the head of each ßy was removed and macerated individually in 100 l of PBS, pH 7.4. The entire homogenate was plated on LBcarbÐkan to quantify bacteria. The assay was repeated for a total of two biological replicates. To identify whether ßy grooming behavior after exposure to S. Montevideo-GFP results in microbial ingestion, newly emerged ßies were cold-anesthetized and Þve each (mixed sex) were placed on the uncultured section of two agar plates on which conßuent bacterial lawns were grown. The ßies were allowed to recover and then left to wander the conßuent lawn for 10 min, after which they were chill-anesthetized, transferred to separate petri dishes, and allowed to groom for 15 min. The ßies were then rinsed in 70% ethanol and dissected to obtain the alimentary tract (proventriculus, crop, midgut, and hindgut). The alimentary tract was mounted in 80% glycerol and visualized on a BX60 epißuorescent microscope coupled with a UV Þlter (Olympus America Inc., Center Valley, PA). Both bright Þeld and epißuorescent images were captured with a microscope-mounted DP70 digital camera (Olympus America Inc.).
Experiment 2: Persistence of S. Montevideo-GFP in Adult Horn Flies. The purpose of this experiment was to identify whether S. Montevideo-GFP could colonize horn ßy adults upon being ingested in a bloodmeal, and to assess a minimum length of persistence. The S. Montevideo-GFP culture was diluted and delivered in a citrated bovine bloodmeal, as described in the Salmonell Isolate section. Newly emerged ßies housed in separate cages were starved for 18 h and then offered a low-, medium-, or high-dose meal. After feeding for 15 min, the cages of ßies were immediately cold-anesthetized and unfed ßies, with no visible blood in the abdomen, were discarded. Thirty, mixed sex groups of ßies fed the low-, medium-, or high dose meal were transferred to cylindrical cages with screen mesh at both ends (5.08 by 3.81 cm; Þve ßies per cage). At 2, 4, 6, 24, 48, and 72 h postingestion (PI) of the meals, one cage of ßies (n ϭ 5) was surface-sterilized as described above for pupae and macerated individually in 500 l of PBS, pH 7.4. Flies fed the low-dose meal were macerated in 250 l of PBS, pH 7.4. The homogenates were diluted and plated on LB-carbÐ kan to enumerate viable bacteria. In some instances, the Salmonella Montevideo-GFP was recovered in vast quantities, which prevented enumeration of isolated colonies. These were assigned the maximum number of CFU counted within a group. The feeding assays were repeated three times over the course of 8 wk for a total of four biological replicates, resulting in 20 ßies assayed per time point for each dose. Mean CFUs from the four combined replicates were not normally distributed. As such, the data were analyzed using KruskalÐWallis nonparametric analysis of variance to determine whether there was a significant effect of time on mean CFU recovered per ßy within each dose, and a Wilcoxon rank-sum multiple comparison test was conducted to identify signiÞ-cantly different timepoints (SigmaPlot ver. 12.5, Systat Software Inc., San Jose, CA).
Experiment 3: Microscopic Observations of S. Montevideo-GFP in the Horn Fly Alimentary Tract Postbloodmeal. The purpose of this experiment was to identify where the S. Montevideo-GFP was located in the alimentary tract shortly after consumption of the meal (30 min PI) and at 24 h PI. The S. Montevideo-GFP culture was diluted and delivered in citrated bovine bloodmeals. Flies were fed a medium-or highdose meal, cold-anesthetized, and groups of ßies with blood visible in abdomens were transferred to sterile, 50-ml conical cages with a screen mesh top (mixed sex, n ϭ 3). At 30 min and 24 h, three ßies each were isolated, rinsed in 70% ethanol, and dissected to obtain the alimentary tract. The alimentary tract was mounted in 80% glycerol and visualized on a BX60 epißuorescent microscope coupled with a UV Þlter (Olympus America Inc.). Both bright Þeld and epifluorescent images were captured with a microscopemounted DP70 digital camera (Olympus America Inc.). Adobe Photoshop Elements, version 10 (Adobe Systems Inc., San Jose, CA) was used to overlay bright Þeld and epißuorescent images and to adjust brightness and contrast.
Experiment 4: Recovery of S. Montevideo-GFP From Horn Fly Excreta. The purpose of this experiment was to identify whether S. Montevideo-GFP could be recovered in excreta and, if so, to identify a time PI at which viable S. Montevideo-GFP could be detected. The S. Montevideo-GFP culture was diluted and delivered in a citrated bovine bloodmeal. After consuming a low-, medium-, or a high-dose meal, ßies were cold-anesthetized and those with visible blood in the abdomen were transferred individually to sterile, 50-ml conical cages with a screen mesh top (mixed sex, n ϭ 5 ßies per dose). Each ßy was transferred hourly to a new cage by attracting the ßy to the screen mesh top using a ßuorescent light, unscrewing the top, and quickly placing it on a new, sterile 50-ml conical cage. Flies were transferred over a 12-h period during which each ßy fed from the saturated blood pad initially provided to its cage. Each hour, excreta residues on the cage walls were enumerated, suspended in 100 l of PBS, pH 7.4 and the entire volume plated on LBcarbÐ kan to quantify viable bacteria. After the initial 12-h period, ßies were provided a fresh blood pad and maintained in the cages for an additional 12 h without being transferred. At 24 h, each adult was surfacesterilized, macerated, and homogenates plated on LBcarbÐ kan, as described above. Further, excreta residues from each cage representing the 12Ð24-h PI interval, were suspended in 2 ml of PBS, pH 7.4 and 100 l was plated on LB-carbÐ kan to quantify viable bacteria. Excreta from the 12Ð24-h PI interval of ßies fed the low dose were suspended in 300 l and the entire volume was plated. In some instances, the Salmonella Montevideo-GFP was recovered in vast quantities that prevented enumeration of isolated colonies. These were assigned the maximum number of CFU counted within a group.
Results
The S. Montevideo-GFP isolate did not replicate in blood for the Þrst 6 h (low dose 0 Ð 6 h: 0.87 Ϯ 0.06 ϫ 10 2 CFU/l; medium dose 0 Ð 6 h: 1.74 Ϯ 0.23 ϫ 10 4 CFU/l; high dose 0 Ð 6 h: 2.66 Ϯ 0.35 ϫ 10 6 CFU/l). At 24 h, evidence of isolate multiplication in blood was observed with a 34-fold, 11.5-fold, and 3-fold increase in bacteria to 3 ϫ 10 3 , 2 ϫ 10 5 , and 7.88 ϫ 10 6 CFU/l for the low, medium, and high doses, respectively. Recovery of viable bacteria indicated that the blood used in all feeding assays was not bactericidal.
Experiment 1: Horn Fly Acquisition of S. Montevideo-GFP. S. Montevideo-GFP was recovered from the heads of adult horn ßies that groomed for 15 min (mean 1.01 Ϯ 0.35 ϫ 10 2 CFU per head) or 1 h (1.13 Ϯ 0.44 ϫ 10 2 CFU per head) after tactile exposure to a conßuent lawn of the bacteria. Epißuorescent microscopy also revealed intact S.Montevideo-GFP in the alimentary tracts dissected from all ßies allowed to groom for 15 min (n ϭ 5) after exposure to the lawn (Fig. 1) . In all cases (5 out of 5), the bacteria were observed in the cardia and the anterior midgut, and in 1 out of 5 ßies, the S.Montevideo-GFP was also observed in the crop (Fig. 1) .
Experiment 2: Persistence of S. Montevideo-GFP in Adult Horn Flies. The recovery of bacteria from whole ßies over time is presented in Fig. 2 . Flies fed a high dose meal ingested a mean of 2.21 Ϯ 0.26 ϫ 10 7 CFU per ßy, while ßies fed the medium and low-dose meals ingested a mean of 0.66 Ϯ 0.16 ϫ 10 4 CFU per ßy and 0.86 Ϯ 0.11 ϫ 10 2 CFU per ßy, respectively. Within each dose, Kruskal-Wallis analysis revealed a signiÞcant effect of time on mean CFU recovered per ßy (high dose: df ϭ 6; H ϭ 77.08; P ϭ Ͻ0.001; medium dose: df ϭ 6; H ϭ 29.98; P ϭ Ͻ0.001; low dose: df ϭ 6; H ϭ 36.219; P ϭ Ͻ0.001). Multiple comparisons (Wilcoxon rank-sum, P Ͻ 0.001) identiÞed a signiÞcant reduction in mean CFU within the Þrst 2 h PI of ßies offered the high-dose meal. Further, mean CFU recovered at 72 h PI of the high-dose meal was reduced signiÞcantly compared with sampling at 2, 4, 6, and 48 h PI (Wilcoxon rank-sum, P Ͻ 0.001). In contrast, an initial decrease in CFU recovery was followed by proliferation of the bacteria over time in ßies that consumed a medium-dose meal, and signiÞcant differences were observed between ßies sampled at earlier timepoints (2 and 4 h PI) versus later timepoints (24 and 72 h PI; Wilcoxon rank-sum, P Ͻ 0.001). Differences between CFU recovery at 2 and 48 h PI were also signiÞcant. S.Montevideo-GFP proliferated over time in ßies fed the low-dose meal, and these increases were signiÞcant between ßies sampled at t 0 versus 6 and 24 h PI. The amount of bacteria further increased signiÞcantly from 24 to 48 h PI (Wilcoxon rank-sum, P Ͻ 0.001).
In the low-dose feeding assay, bacteria were recovered by culture from all 20 ßies sampled at 0, 2, 4, and 6 h PI. In contrast, bacteria were recovered from only 15 out of 20, 5 out of 20, and 12 out of 20 ßies at 24, 48, and 72 h PI, respectively. This was also observed in ßies evaluated from the high-dose feeding assay; bacteria were recovered by culture from only 13 out of 20 and 16 out of 20 ßies at 24 and 48 h PI, respectively. In the medium-dose assay, all ßies at all timepoints sampled yielded culturable S.Montevideo-GFP.
Experiment 3: Microscopic Observations of S. Montevideo-GFP in the Horn Fly Alimentary Tract PostBloodmeal. No S.Montevideo-GFP was observed in the crop at 30 min (n ϭ 3) or 24 h (n ϭ 3) in ßies fed the medium dose; rather, motile bacteria were observed primarily in the anterior midgut at both time points (Fig. 3A and B) . Minimal bacteria were observed in the crop from 1 out of 3 ßies fed the high dose at 30 min, but 0 out of 3 ßies at 24 h. As with ßies fed the medium dose, motile bacteria were observed in the anterior midgut at both time points for 3 out of 3 ßies ( Fig. 3C and D) . S.Montevideo-GFP was not observed at 30 min in the posterior midgut or hindgut of ßies fed either the medium or high dose, but free GFP, possibly resulting from proteolysis, was apparent at 24 h PI in these regions from all ßies fed the medium-(3 out of 3) and high (3 out of 3)-dose meals. In all ßies evaluated (6 out of 6), regardless of time point or dose, intact bacteria appeared to be contained within the endoperitrophic space (Fig. 3) .
Experiment 4: Recovery of S. Montevideo-GFP in Excreta of Adult Horn Flies. S.Montevideo-GFP was not recovered in excreta collected during the Þrst 12 h PI from ßies fed the low-dose meal (Table 1) . While no S.Montevideo-GFP were recovered during the Þrst 8 h PI from excreta of ßies fed the medium-dose meal, bacteria were cultured from excreta at each hour during the 8 Ð12-h PI interval from 40 to 100% of the ßies (Table 1 ). The largest quantity of bacteria in excreta from ßies fed the medium dose occurred 10 Ð11 h PI. S.Montevideo-GFP was recovered from excreta of ßies fed a high dose at 0 Ð1 h PI (1 out of 5 ßies, 87 CFU), 1Ð2 h PI (1 out of 5 ßies, 166 CFU), and 5Ð 6 h PI (2 out of 5 ßies, 36 and 315 CFU), but the majority were recovered during the 6 Ð12-h PI interval with the largest quantity at 7Ð 8 h PI (Table 1) . Flies excreted S.Montevideo-GFP during the 12Ð24-h interval, as evidenced by recovery in pooled excreta from 3 out of 5 ßies fed the low dose, 4 out of 5 ßies fed the medium dose, and 5 out of 5 ßies fed the high dose (Table 1) . All adults remained colonized by S.Montevideo-GFP at 24 h PI, with the exception of ßy 1 fed the high dose.
No relationship was observed between number of excreta specks and amount of recoverable bacteria. Number of excreta collected from horn ßies fed the low-and medium dose was fairly consistent over the 12-h period with a mean 1.46 Ϯ 0.25 and 2.63 Ϯ 0.13 specks per hour, respectively. Excreta collection from ßies fed the high dose was less consistent over the observation period, with maximum numbers of specks collected during the 5Ð 6 h PI (average 5.6 specks) and 6 Ð7 h PI (average 6.4 specks) time intervals rather than the 7Ð 8 h PI (average 4.4 specks) when the largest quantity of bacteria were recovered.
Discussion
Horn ßies mechanically transmit mastitis-causing S. aureus to cattle upon acquiring the bacteria from scab material on heifer teats (Owens et al. 1998) . The current study demonstrated that ßy grooming subsequent to tactile exposure with a GFP-expressing strain of Salmonella Montevideo resulted in bacterial acquisition and ingestion (experiment 1), the latter of which supports presence of the bacteria on the ßy mouthparts. Because adult horn ßies groom continuously on the hide or in the manure pat of its host, both sites of which contain high densities of Salmonella, it is conceivable that microbes acquired on the ßy mouthparts can then be inoculated into the host as the horn ßy creates a feeding lesion, thus resulting in microbial transmission.
The frequency with which horn ßy adults obtain a bloodmeal (once per hour) provides a mechanism for further microbial ingestion. The quantity of bacteria offered in the low-dose meal was chosen to reßect the amount of bacteria recovered from horn ßy heads as a result of experiment 1, while quantities in the medium-and high-dose meals were selected based on amounts of Salmonella enumerated in 1 g of cattle feces (Loneragan et al. 2012) . Ingestion of the three varying doses of Salmonella in bloodmeals resulted in horn ßy colonization by the bacteria for up to 72 h, regardless of the dose consumed (Fig. 2) . Because ßies were fed ad libitum, it is possible that any observed bacterial proliferation occurred as a result of ßies ingesting blood from a blood pad contaminated mechanically by another ßy. However, a subset of adults (n ϭ 25) were starved for 24 h after consuming a medium dose of S. Montevideo-GFP, and mean CFU recovered (3.4 Ϯ 0.57 ϫ 10 3 CFU per ßy) were similar to that of ßies allowed to feed ad libitum. This suggested that persistence was not solely attributable to bacteria proliferating in the blood pad.
S. Montevideo-GFP was also recovered in horn ßy excreta beginning 6 Ð 8 h PI of a medium-or high-dose meal, and predominantly 12Ð24 h PI of a low-dose meal ( Table 1 ). Flies that consumed a low-or medium-dose meal excreted 6.6-fold and 5-fold more bacteria, respectively, over a 24-h period than what they initially consumed. Excreta recovered from ßies fed the high dose were in quantities Ϸ950-fold less than the amount initially ingested. While S. Montevideo-GFP was recovered in excreta from two high dose ßies during the Þrst 2 h PI, it was in quantities that did not account for the signiÞcant reduction observed in whole ßies during this same period. Given the importance of a bloodmeal as a nutrient source, the rapid reduction may have resulted from bacteriolysis as part of an enhanced gut immune response that protects the meal from bacterial contamination, as in the stable ßy (Lehane et al. 1997 , Munks et al. 2001 , Boulanger et al. 2002 . Excretion of viable Salmonella in large quantities over the 6 Ð24-h period correlated with the proliferation observed in whole adults.
Proliferation of Salmonella in horn ßies fed the high dose was followed by a signiÞcant reduction of bacteria at 72 h PI to Ϸ10 4 CFU S. Montevideo-GFP, similar to quantities found at 72 h PI in ßies fed the low and medium doses (Fig. 2) . The amount of bacteria in ßies fed the medium dose remained fairly constant between 24 Ð72 h PI and ßies fed the low dose proliferated to this quantity, suggesting that Ϸ10 4 CFU Salmonella may be sustained within the horn ßy. Further studies to deÞne the horn ßy gut response to microbial composition and density are desired.
Microscopic observations revealed that S. Montevideo-GFP consumed in a bloodmeal was contained within the horn ßy type II peritrophic matrix (PM; Fig.  3 ), which was not unexpected given that similar results were reported for the type II house ßy PM (Nayduch et al. 2002 (Nayduch et al. , 2013 McGaughey and Nayduch 2009; Chifanzwa 2011) . Intact Salmonella (0.7Ð1.5 m ϫ 2Ð5 m) are much larger than the 8 Ð17-nm PM pore size reported for dipterans (Terra 2001) . This suggests that microbes in the horn ßy alimentary tract are prevented from escaping the midgut lumen as a result of the PM and that bacterial transmission is least likely to occur via salivary gland infection and reintroduction to the host in saliva. Rather, bacterial transmission most likely occurs mechanically, as has been reported for house ßies and the lesser mealworm (McGaughey and Nayduch 2009 , Nayduch et al. 2013 .
Replication of bacteria in house ßy mouthparts and subsequent storage in the crop contributes to recovery of bacteria in excreted vomitus that, when combined with bacteria excreted in feces, increases the capacity of house ßies to disseminate these pathogens (Kobayashi et al. 1999 , Sasaki et al. 2000 , McGaughey and Nayduch 2009 , Doud and Zurek 2012 . Dense quan- Numbers in bold are the mean CFU Ϯ SE recovered collectively from the Þve ßies over a 24-h period. a In some instances, the Salmonella Montevideo-GFP were recovered in vast quantities that prevented enumeration of isolated colonies. As a result, these were assigned the max number of CFU counted within a group, as highlighted in the table by "»".
tities of Salmonella did not accumulate in the horn ßy crop when examined at 30 min and 24 h after ingestion of either a medium or high dose, although a small number of bacteria were observed in the crop from 1 out of 3 high dose ßies at 30 min PI. Bloodmeals consumed by muscid ßies are typically destined to the midgut for storage, digestion, and absorption and are rarely shuttled to the crop (Lee and Davies 1979) . In certain instances, blood that diverts to the crop is usually emptied and transported to the midgut (Lee and Davies 1979) . Because the bloodmeal does not divert to the crop for storage and replication, regurgitation does not appear to be a primary means of bacterial dissemination by the horn ßy.
Fly-to-ßy variability in horn ßyÐS. Montevideo-GFP interactions was evident throughout the study. This was exempliÞed in experiment 4 by one ßy in the medium dose group that remained colonized at 24 h PI after excreting minimal S.Montevideo-GFP during the 8Ð12-h PI interval and no bacteria during the 12Ð24-h interval (Table 1) . This was in contrast with the remaining 4 ßies in the medium dose group that also remained colonized at 24 h, but from which Ϸ10 3 bacteria per ßy were recovered in excreta during the same sampling period. Another example was the widely varying quantities of bacteria cultured from low-dose ßy excreta (Table 1) , as well as the variability in the number of whole adults that remain colonized at 24, 48, and 72 h PI of the low-dose meal (experiment 2; Fig. 2) .
During a 24-h period of excreta collection, the Þve ßies in each of the low-, medium-, and high-dose experiments collectively excreted 2.83 ϫ 10 3 , 3.38 ϫ 10 4 , and 2.33 ϫ 10 4 CFU, respectively. The Salmonella in ßy excreta, on the animalÕs hide, and in the manure pat provide ample sources for ßies to acquire the bacteria on their mouthparts and mechanically transmit them to an animal upon creating a feeding lesion. During the horn ßy breeding season, average cattle are likely to have hundreds of ßies feeding on them, and ßy populations of this size would be sufÞcient to enable inoculation and transmission of Salmonella. We are currently conducting onanimal studies to determine the dynamics by which horn ßies might mechanically vector and transdermally transmit Salmonella to cattle resulting in peripheral lymph node contamination.
